The mobile phase consisted of methanol: dichloromethane at a ratio of 85:15 (v/v) . The UV detection wavelength was set at 292 nm. Tocopherols were identified by comparison of the retention times with those of authentic standards from Sigma (USA). Peak areas were determined using the software Star 6.0 (Varian, USA) through the external standard method.
Antioxidant capacity analysis
The extraction of antioxidant compounds needed for the analysis of free radical scavenging ability on 1,1-diphenyl-2-picrylhydrazyl (DPPH) and total phenolic compounds content was carried out with 10 g of each ground grain, 100 mL of methanol (1:10; w:v) and stirring for 4 hours with a magnetic bar.
The antioxidant capacity of the grain extracts was evaluated through their free radical-scavenging activity on the 1,1-diphenyl-2-picrylhydrazyl radical method described by Nsimba, Kikuzaki and Konishi (2008) . Different aliquots of extract solutions prepared by adding 20 mg of methanolic extract and 10 mL of methanol were mixed with 2 mL of methanolic solution containing the DPPH radical (0.2 mM). The mixture was shaken vigorously and left to stand for 30 min in the dark before measuring the absorbance at 517 nm against a methanol blank without DPPH. The radical scavenging activity was calculated as follows: I% = [(Abs DPPH -Abs Sample )/Abs DPPH ] × 100, where Abs DPPH is the absorbance of the DPPH solution without extracts, and Abs Sample is the absorbance of the sample solution. The concentration providing 50% inhibition (IC 50 ) was calculated graphically using a calibration curve in the linear range by plotting the extract concentration versus the corresponding scavenging effect.
Total phenolic compounds content was determined according to the Shahidi and Naczk (1995) method. A 0.25 mL aliquot of extract solution (2.5 mg/mL in methanol) was mixed with 0.25 mL of Folin-Ciocalteu's reagent previously diluted with water (1:1; v/v), 0.5 mL of a saturated sodium carbonate solution and 4 mL of water. The mixture was allowed to rest at room temperature for 25 min and then was centrifuged at 3800 × g for 10 min the supernatant absorbance was measured at 725 nm using a spectrophotometer (Cary Win UV 50, Varian). Gallic acid (GA) was used as a standard and the results are expressed as Gallic acid equivalent (mg GAE/g).
Amino acid composition
The amino acid profiles were determined according to the method proposed by White, Hart and Fry (1986) . Samples were hydrolyzed with HCl 6 mol/L with phenol for 24 h to obtain free amino acids. These free amino acids were derivatized with phenylisothiocyanate (PITC), as proposed by Hagen, Frost and Augustin (1989) . The derivatives were separated on HPLC unit, using a reverse-phase C18 (250 × 4.6 mm; 5 µm particle size) column. The solvent system consisted of two eluents: eluent A (buffer solution of sodium acetate, acetonitrile, and triethylamine) and eluent B (acetonitrile 60% (v/v)). Elution was performed at a flow rate of 1 mL/min, starting with 0% of eluent B until 5 min and employing a gradient to obtain 22.5%
Materials and methods

Grain sampling
Grains of Amaranthus cruentus, BRS Alegria and Chenopodium quinoa, BRS Piabiru used were provided by EMBRAPA and processed separately.
Proximate composition analysis
All analyses were accomplished in five replicates. Total lipid (TL) contents in pseudocereal samples were determined according to Bligh and Dyer (1959) 
Fatty acid composition
Fatty acid methyl esters (FAME) were prepared by total lipid methylation as described by Hartman and Lago (1973) . The methyl esters were separated by gas chromatography in a Varian 3380 (USA) gas chromatography fitted with a flame ionization detector (FID) and a fused-silica capillary column (100 m × 0.25 mm id., 0.25 µm cyanopropyl CP-7420 select FAME). The injector and detector temperatures were 225 °C. The column was maintained at 165 °C for 4 minutes, followed by a heating rate of 4 °C/min to a temperature of 185 °C, which was maintained for 5 minutes, and then raised again from 185 °C to 225 °C at a rate of 10 °C/min. The ultra-pure gas flows were of: 1.2 mL/min (carrier gas -hydrogen), 30 mL/min (make-up gas -nitrogen), 300 mL/min (synthetic air) and 30 mL/min (hydrogen flame gas), with a split injection ratio of 1/100.
For the fatty acid identification, the retention times were compared to those obtained with standard methyl esters (Sigma, USA). Quantification of fatty acids was performed through the use of tricosanoic acid methyl ester (Sigma, USA) as an internal standard, according to Joseph and Ackman (1992) . The software Star 5.0 (Varian, USA) was employed to determine peak areas through the internal standard method.
Tocopherol content determination
The analyte extraction was accomplished according to Delgado-Zamarreño et al. (2004) . The fractions of tocopherols were separated by High Performance Liquid Chromatography in a Varian 335 (USA) chromatograph fitted with a diode array detector and C18 reversed-phase column (microsorb, 250 mm × 4.6 mm id., 5 µm) with an isocratic elution; the solvent flow rate was maintained at 0.80 mL/min with column temperature of 25 °C and a backpressure of approximately 10 bar. determined in the BRS Alegria amaranth cultivar. An n-6/n-3 ratio of between 1:1 and 2:1 is highly recommended, because high ratios may result in allergy or anti-inflammatory disorders, and the irregular proliferation of cells (SIMOPOULOS, 2011) .
The amaranth cultivar investigated in this work had a concentration of oleic acid (31.33%) greater than that reported by Martirosyan et al. (2007) (22.69%) . It also had a linoleic acid content (38.02%) lower than the 48% described by the same author cited above, and a similar quantity of α-linolenic acid (18:3n-3) in relation to other studies (LEÓN-CAMACHO; GARCÍA-GONZÁLEZ; APARICIO, 2001). The opposite was observed for the quinoa BRS Piabiru, with a greater concentration of 18:2n-6 and lower quantities of 18:1n-9 and 18:3n-3 than those found by Ryan et al. (2007) . However, this determined oleic acid amount was greater than the 20.84% reported by Wood et al. (1993) .
Amaranth had a similar total concentration of saturated fatty acids (SFA) (24.21%) when compared to the values reported in previous studies (LEÓN-CAMACHO; GARCÍA-GONZÁLEZ; APARICIO, 2001 ). The total SFA amount for quinoa was also close to other studies (RYAN et al., 2007; WOOD et al., 1993) .
In relation to the total PUFA content of the studied BRS Alegria, its value was higher than that reported by León-B at 10 minutes, 60% B at 20 min, and 100% B at 28 minutes. Detection was achieved with a UV-VIS source at a wavelength of 254 nm. The amino acid quantification was accomplished through the inclusion of α-aminobutyric acid as an internal standard.
Minerals
The content of minerals were determined in an atomic absorption spectrophotometer AA240FS (Varian, USA). The digestion of the sample and the minerals iron (Fe), copper (Cu), manganese (Mn), sodium (Na), calcium (Ca), magnesium (Mg), potassium (K), and phosphorus (P) were quantified according to AOAC Official Method 985.35 (ASSOCIATION…, 2010) . Standard solutions and analytical curves were used for each element and the results were expressed in milligrams of the mineral per 100 g of the product.
Statistical analysis
The results were submitted to variance analysis (ANOVA) and means were compared using the Tukey test through the Statistica program, version 7.0. The significance level used for rejection of the null hypothesis was 5% (p < 0.05). Correlation coefficients (R) used to determine the relationship between antioxidant activity measured and total phenolic content were calculated by using Microsoft Office Excel software, version 2007.
Results and discussion
The cultivar BRS Alegria showed a crude protein level which was greater (20.92 ± 0.23%) in relation to BRS Piabiru (16.41 ± 0.15%). With regards to quinoa, the obtained values were slightly better than the 14.8% and 15.7% described by Wright et al. (2002) for sweet and bitter quinoa, respectively. These results enforce the fact that the genetically-enhanced cultivars can be better sources of lipids and proteins in relation to other varieties.
The pseudocereal cultivars which were analyzed in this work showed similar quantities of total lipids (8.68 ± 0.39 and 9.71 ± 0.57% for amaranth and quinoa, respectively). These values were greater than the 7.2% described by Cai, Corke and Wu (2004) for common amaranth grains.
The detected amounts of ash (3.42 ± 0.06% for amaranth and 3.03 ± 0.89% for quinoa) and crude fiber (2.17 ± 0.01% and 1.92 ± 0.22% for amaranth and quinoa, respectively) did not show a significant difference between themselves (p < 0.05). However, quinoa showed greater values for the Nifext fraction (68.92 ± 1.09%) in relation to amaranth (64.80 ± 0.46%).
Regarding the lipid profile (Table 1) , amaranth had higher concentrations of saturated fatty acids (SFA) than quinoa. However, the latter showed greater contents of polyunsaturated fatty acids (PUFA), such as linoleic and linolenic acids, resulting in an increase of its PUFA/SFA ratio. Despite having higher total amounts of omega 6 and omega 3 fatty acids, quinoa presented a lower value for the n-6/n-3 ratio, which was better than that Tables 4 and 5 present the nutritional contribution (INSTITUTE…, 2005) of amaranth and quinoa grains for different age groups, based on the value of a portion of 100 g. Regarding the trace minerals, copper was present in an amount Camacho, García-González and Aparicio (2001) and lower than that determined by Martirosyan et al. (2007) , while the BRS Piabiru had a value similar to those of other studies (RYAN et al., 2007; WOOD et al., 1993) . The PUFA/SFA ratio found for the amaranth was similar to the data obtained in previous studies (LEÓN-CAMACHO; GARCÍA-GONZÁLEZ; APARICIO, 2001; MARTIROSYAN et al., 2007) . Quinoa also presented values similar to other studies (RYAN et al., 2007; WOOD et al., 1993) . Furthermore, it can be pointed out that the high PUFA/SFA ratios found in the cultivars investigated are higher than the minimum value required for healthy nutrition (LONDON, 1994) .
Both of the studied grains presented similar amino acid compositions (Table 2) , with higher concentrations of the essential amino acids leucine, lysine, and phenylalanine.
Concerning mineral composition (Table 3) , the major mineral in both grains was potassium, which is an important chemical element that helps to prevent muscle weakness, respiratory insufficiency, and hypotension in humans (HATHCOCK, 2004) . studied amaranth cultivar, but lower contents of tocopherols. All of the obtained results confirm that these genetically-enhanced grains possess an overall amount of bioactive compounds that is better than those reported for many native counterparts of the studied samples. The employed analytical methods in this work contributed to a better understanding of the quinoa BRS Piabiru and amaranth BRS Alegria chemical compositions. Therefore, the diversity and quantity of all of the studied compounds in the samples denote the considerable importance of these grains for food, and more specifically, pseudocereal research area.
above than the established dietary reference intake (DRI) values for amaranth grains, while the same was observed for manganese for both grains. Between macrominerals, the magnesium showed a greater value than that established by DRI. However, these values are not sufficient to cause toxicity, because it does not exceed the tolerable daily intake levels (INSTITUTE…, 2005) . As amaranth and quinoa have good levels of minerals, their consumption may reduce the risk of coronary heart disease, anemia, osteoporosis and prostate cancer, by maintaining the immune system (HATHCOCK, 2004) .
The grains had similar values (p < 0.05) of α-tocopherol (Table 6 ) but the sums of β-and γ-tocopherols were different (p > 0.05), with amaranth BRS Alegria presenting the highest values. The α-tocopherol concentration and the sum of β-and γ-tocopherols detected in the studied cultivar are in accordance with the range (0.297-1.565 mg/100 g for α-tocopherol and 0.69-2.05 mg/100 g for the sum of β-and γ-tocopherols) proposed by Lehmann, Putnam and Qureshi (1994) . Quinoa BRS Piabiru presented lower values of α-tocopherol than reported in previous studies (RYAN et al., 2007) , and the sum of β and γ tocopherols was also lower than that found by RYAN et al. (2007) .
The lowest concentration necessary for 50% inhibition of DPPH (Table 6 ) was obtained in quinoa grains, while amaranth grains presented worse results. Nsimba, Kikuzaki and Konishi (2008) studied different ecotypes and extracts of quinoa and amaranth grains and found that ethyl acetate fractions had IC 50 values of approximately 300 µg/mL for them, which was similar to those found in this study.
The total phenolic content (TPC) found in this study was higher in quinoa than in amaranth grains. The correlation between TPC and IC 50 values was also determined. A good correlation between TPC and antioxidant capacity was observed (r = 0.871). This result suggests that the phenolic compounds of the analyzed grains are probably responsible for their antioxidant activity.
Conclusions
The cultivars of amaranth and quinoa analyzed in this study showed superior levels of protein and total lipids in comparison to their native counterparts. The lipid profile of the amaranth BRS Alegria was revealed to be better than those of other native cultivars. The analyzed quinoa variety presented a higher antioxidant capacity and phenolic content than the 
